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S rozvojem pocitaci: a softwarovych produkti dochazi i ke stale vétSimu uplatnéni pocetnich (numerickych) metod
v manazerském rozhodovani i v prizmyslovych podnicich. Rozhodovani je jednou z nejvyznamneéjSich manazerskych
aktivit, které manazesi kazdodenné vyuzivaji pri vykonu své funkce. Vyznam pojmu manazerské rozhodovani se nejvice
projevuje v tom, Ze kvalita a vysledky rozhodovacich proces: ovliviiuji efektivnost, fungovani a prosperitu primyslo-
vych podnikii. Informace hraji v rozhodovacich procesech klicovou ulohu. Rozhodovaci procesy se obvykle chéapou
jako procesy shromazdovani a transformace vstupnich dat do vystupnich informaci. Zasadni Glohu v procesech ziské-
vani dat, shromaZdovani dat a jejich p/emeny v informace hraje manazer, jehoZ znalosti, zkuSenosti a intuice jsou
nebytné pro spravné rozhodovani. Obvykle casovy tlak a omezenost jednotlivych zdrojii zabrasiuji peclivému hledani
vSech dat, na jejichZ zaklade manazer ziska kvalitni informace pro rozhodovani. Nekvalitni informace a tim i nekvalitni
rozhodovani mohou byt jeden z diivodii podnikatelského nedspéchu. Jednou z velmi dobie uplatnitelného simulachiho
algoritmu 7eSeni na pocitaci je metoda Monte Carlo. Aplikace algoritmu Monte Carlo spociva v nalezeni souvislosti
mezi jednotlivymi velicinami, které jsou 7eSenim zkoumaného problému a charakteristikami ndhodnych procesii repro-
dukovatelnych na pocitacich. Cilem ¢lanku je ukazat pouZiti simulacniho algoritmu Monte Carlo na prikladu optimali-
zace poctu Udrzbdsi dilny s 12 stroji stejného typu.

Kli¢ova slova: vedecké rizeni; optimalizace; simulace; algoritmus Monte Carlo

With the development of computers and software products, there is now greater use of quantitative methods in indus-
trial enterprises when making managerial decisions. [6] One of the most applicable solutions to computer simulation
algorithms is the Monte Carlo method. Application of the Monte Carlo algorithm lies in finding a relation between the
individual variables that are the solutions to the problem and that represent the characteristics of random processes
reproducible on computers. The aim of this article is to show the application of the Monte Carlo algorithm through an
example of optimising the number of maintenance workers in a workshop with 12 machines of the same type.

Key words: management science; optimisation; simulation; Monte Carlo algorithm

Over the last two decades, there have been great ad- over the course of one shift, two machines encounter
vances in computer technology and these advances have  one malfunction, 6 machines operate with 2 malfunc-
also affected managerial decision-making. Mathemati-  tions and 4 machines with 3 malfunctions. The duration
cal methods with the use of computer technologies have  of each malfunction, as a random variable with normal
been increasingly used in most problems of managerial  probability distribution, lasts 30 minutes on average
decision-making. [5] One of the most applicable meth-  with a standard deviation of 10 minutes. 1 hour of
ods of computer implementation is the Monte Carlo  downtime equals a loss of 600 CZK. The average hourly
method. It is a static, stochastic method that uses ran-  wage of a maintenance worker is 100 CZK. The optimal
dom (pseudo-random) numbers in the course of the number of maintenance workers has to ensure minimal
calculation. Its application will be shown using an ex-  costs associated with repairing any defects (including
ample of optimising the number of maintenance work-  wages, maintenance and losses from downtime).

ers in a workshop with 12 machines of the same type.

2. Analysis of the solution
1. The task

It is a simple task to determine the optimal dimension of
The optimal number of maintenance workers for a  the operating system (the number of maintenance work-
workshop with 12 machines of the same type has to be  ers) with two crucial variables that lead to its solution:
determined. Statistically, it was found that, on average,
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— Intensity of the requirements entering the operating
system (malfunction rate of the machines during
a shift), characterised by:

o the number of failures during one shift P,
e malfunction duration x,
o the moment of the malfunction’s occurrence M.

— Operational intensity (the number of maintenance
workers that eliminate the malfunctions during
a shift) U.

Extreme situations:

— Undersized (low) number of maintenance workers:
o low wages of maintenance workers Ny,
o high losses from downtime Np.

— Oversized (high) number of maintenance workers:
¢ high wages of maintenance workers Ny,
o low loss from downtime Np.

It is necessary to set a number of maintenance workers U
so that the costs associated with eliminating malfunctions
during one shift N (N = Ny + Np) are minimal = Ny,

3. Algorithm of the solution

The decisive variables for solving the given task are
random. They take different values depending on the
random influences of a number of factors. From a retro-
spective statistical analysis, it was found that the varia-
ble of malfunction duration “x” can be considered ran-
dom and subject to the law of normal probability distri-
bution (a larger number of factors that are not of great
significance and not connected to each other, affect the
“fluctuations” of this variable — starting with the quality
of the maintenance worker’s performance, material
availability, means of implementing the maintenance
work and ending with the management system of the
workshop). For each real number, the distribution func-
tion of (normal) probability distribution assigns
a chance that the random variable “x” takes a value that
is less than this number (Fig. 1).

Fig. 1 Normal distribution of the function x = x + t*¢
Obr.1 Normalni rozdéleni funkce x = X + t*o
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x — (random) value of the variable of malfunction duration
(minutes),

X — mean value (average of values) of normal distribution
(minutes),

o — determinant deviation of normal distribution (minutes),

t — determinant variable;

x = 30 minutes

o = 10 minutes

The given stochastic task can be solved through an

artificial experiment based on the task’s logical-
mathematical model (see the analysis of the solution).
[1] It is an artificial imitation of probabilistic situations
and their assessment — imitation of the chance in ac-
cordance with the law according to which — as we as-
sume — the chance acts. This methodology is referred to
as simulation. Its essence, the result of its application, is
a statistical estimate of the probability of the variant’s
course of real processes, and therefore, the optimal
variant [3].

The Monte Carlo algorithm plays a significant role in
simulation procedures [2]. The statistical estimation of
probability occurs through artificial selections, using
certain random mechanisms — usually random (pseu-
dorandom) numbers.

Random numbers — a series (set) of statistically inde-
pendent numbers (any number of the series does not
depend on any of the previous or following numbers) [4].

The procedure of solving the task using the Monte Carlo
algorithm

Simulation (prediction of the possible) duration of mal-
functions x for 12 machines in the workshop, where for
every:

Through entering the random number generator - in
this case the available table of random numbers, we
generate five-digit numbers (for available five-digit
values of the distribution function) that simulate the
value of the distribution function and the corre-
sponding value of the determinant variable t for the
equation x = X + t*g, where X = 30 minutes,
o = 10 minutes.

a) Simulation (prediction of the possible) moment of
occurrence of malfunctions M — in this case, again
through entering the available table of random num-
bers, we generate three-digit numbers that simulate
the moment of malfunction occurrence during a shift
that lasts 0 — 480 minutes (Tab. 1).

b) Simulation of intervals of malfunction duration of
individual machines during a shift is done based on
the previous two steps (simulations). Their clear
record can be found in the machine malfunction
chart (Tab. 2).

“x =30 + t*10 (min)
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Tab.1 Simulation of the number of malfunctions during a shift
Tab.1 Simulace poc¢tu poruch béhem smeny

Simulation (prediction of tr_le possible) pOSSiSTbL:L?tiis; Eegfgifcﬁiw(;?fggé?iin
The number duration of malfunction x during a shift Malfunction
of Machine - - - - - prior to the
malfunctions no. Simulated value of Simulated Simulation Simulation following
during a shift the distribution t durations of of moment interval shift
function malf_unctlon of malfunction duration
X=X+ t*¢* occurrence M (M +x)
1 0.86649 111 41 345 386
! 2 0.16864 -0.96 20 342 362
0.85645 1.06 41 105 146
® 0.42190 -0.20 28 36 64
0.80733 0.86 39 473 480 0-32
! 0.01427 -2,19 8 424 432
0.94168 1.57 46 86 132
> 0.43059 -0.17 28 435 463
2 0.93731 1.53 45 142 187
0 0.20554 -0.82 22 234 256
0.73917 0.64 36 28 64
! 0.62711 0.32 33 162 195
0.72154 0.59 36 364 400
8 0.69191 0.50 35 145 180
0.48653 -0.04 26 5 31
9 0.03872 -1.77 12 138 150
0.75660 0.70 37 169 206
0.73898 0.64 26 476 480 0-32
10 0.42042 -0.20 28 345 373
4 0.11921 -1.18 18 213 231
0.17588 -0.93 21 236 257
11 0.51643 0.04 30 61 91
0.24635 -0.69 23 371 394
0.57576 0.19 32 241 273
12 0.64616 0.40 34 383 417
0.60538 0.27 33 457 480 0-10
) o_f time Iqsses (dovyntimt_a) 788
of machines during the shift (minutes)

Determining (predicting the possible) the overall mal-  of malfunction durations of the individual machines
function rate - losses from downtime - for all machines  (from step 3) with the selected number of maintenance
in the workshop based on simulating the intervals  workers.

Minimum number of maintenance workers

Y. of time losses (downtime) of machines during the shift (min)
worker time fond (shift time)(min)

ymin —

788

ymin = ot 1.64 implying at least 2 maintenance workers per shift

Maximum number of maintenance workers U™ is U™ within the interval of 142 — 146 of the shift, there
given by the maximum of malfunctioning machines are 9 machines with a malfunction

at the same U™?* is a maximum of 6 maintenance workers
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Tab.2 Losses from downtime with individual numbers of mainte-
nance workers

Tabh.2 Ztraty z prostoji pfi jednotlivych poctech adrzbéit

The Losses from downtime (minutes) with
Shift number of | the number of maintenance workers:
interval | machines
from - to with a
(minu-tes) | malfunc- | 2 | 3 | 4 | 5| 67|89
tion

0-5 0 0 0 0 0 0 0|0]|O0
5-28 3 23| 0 0 0 0o|0fjo0]oO
28-31 5 9 6 3 0 o|o0fjo0]|oO
31-36 2 0 0 0 0 0 0|0]|O0
36-61 4 50| 25| 0 0 o|0fjo0]|oO
61-64 7 15121 9 6 3 |0|0]0O
64-86 3 22| 0 0 0 0o|0fjo0]oO
86-91 5 1510 5 0 o|0fjo0]|oO
91-105 2 0 0 0 0 0 0|0]|O0
105-132 4 54 | 27| O 0 0o|0fjo0]|oO
132-138 2 0 0 0 0 o|o0fjo0]|oO
138-142 7 20 | 16 | 12 8 4 0|0]|O0
142-146 9 28| 241 20|16 |12 | 8|40
146-162 7 80 | 64 | 48| 32|16 | 0| 0|0
162-169 6 28| 21| 14| 7 o|0fjo0]|oO
169-180 7 55|44 (33| 22|11|0|0]|O0
180-187 7 35|28 | 21| 14 7 0|0]|O0
187-195 5 24 | 16 | 8 0 o|0fjo0]|oO
195-205 3 10| 0 0 0 o|o0ofjo0]|oO
213-231 3 18 0 0 0 0 0|0]|O0
234-236 2 0 0 0 0 o|0fjo0]|oO
236-241 5 15|10 5 0 o|o0fjo0]|oO
241-256 8 90 | 75| 60 | 45| 30 |15{ 0| O
256-257 6 4 3 2 1 o|0fjo0]|oO
257-273 3 16 0 0 0 0 0|0]|O0
342-345 1 0 0 0 0o|0fjo0]|oO
345-362 5 51 | 34 | 17 0 0 0[O0 O
362-364 4 4 2 0 0 0 0|0]|O0
364-371 6 28| 21| 14| 7 o|0fjo0]|oO
371-373 9 14 |12 (10| 8 6 |42]|0
373-383 6 403 |20|10| 0 (|0|O0]|O
383-386 9 21|18 (15|12 9 | 63| 0
386-394 8 48 | 40 | 32 | 24 |16 | 8| 0|0
394-400 5 18|12 6 0 o|0fjo0]|oO
400-417 3 7| 0 0 0 o|o0ofjo0]|oO
424-432 2 0 0 0 0 0 0|0]|O0
435-457 2 0 0 0 o|0fjo0]|oO
457-463 3 6 0 0 0 0 0|0]|O0
463-473 5 302010 0 0o|0fjo0]oO
473-476 5 9 6 3 0 o|o0fjo0]|oO
476-480 8 24 | 20 | 16 | 12 8 4101|0
3 921|596 |383|224[122|45| 9| 0

5. Evaluation of the simulation solution of
the task

Determining the optimal number of maintenance
workers U
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N = costs for wages of maintenance workers
Nu (100 CZK/hour) + losses from downtime
Np (600 CZK/hour)

N = Ny + Np (CZK)

2 maintenance workers:

Nu=100x2x8=1600CZK
Np=10x921 =9 210 CZK
N=1600+9210=10810CZK

3 maintenance workers:

Nu=100x 3 x8=2400 CZK
Np =10 x 596 = 5 960 CZK
N =2400+5960=8360CzZK

4 maintenance workers:

Ny =100x 4 x 8 =3 200 CZK
Np =10 x 383 =3 830 CZK
N=3200+3830=7030CZK

5 maintenance workers:

Ny =100x5x 8 =4 000 CZK

Np =10 x 224 =2 240 CZK
N =4000+2240=6240 CZK

6 maintenance workers:

Nu=100x 6 x 8 =4 800 CZK

Np=10x 122 =1 220 CZK
N =4800 + 1220 =6 020 CZK — Npyin

7 maintenance workers:

Ny =100x7x 8 =5 600 CZK

Np = 10 x 45 = 450 CZK
N =5600 + 450 =6 050 CZK

8 maintenance workers:

Ny =100x 8 x 8 =6 400 CZK
Np=10x9 =90 CZK
N =6 400 + 90 = 6 490 CZK

9 maintenance workers:

Ny =100 x 9 x 8 = 7 200 CZK
Np=10x 0 =0 CZK
N = 7200 + 0 =7 200 CZK
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Fig. 2 shows results of the choice of optimal variant in the  possible to incorporate the processed algorithm into

number of maintenance workers, resp. minimal costs. a company’s automated management system.
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2016 bude dalsim obtiznym rokem pro globalni ocelaisky pramysl

Stahl Aktuell 07.01.2016

Pied globalnim ocelatskym pramyslem stoji dalsi obtizny rok. ,,Neni Zadnd mali¢kost, eliminovat piebyte¢né
kapacity v rozsahu 600 miliond tun“ piSou analytici Svycarské banky UBS. A ackoliv se v Asii konaji seriozni
pokusy o snizeni piebyte¢nych kapacit, jsou na jinych mistech budovany nové kapacity. UBS ve svétle téchto faktt
pocitd s kracenim vyroby v téch ¢&inskych ocelarndch, které se octly v obzvlast hlubokych cervenych ¢&islech.
»,Hodn¢ bude zaleZet také na tom, jak silnd budou mezinarodni antidumpingova opatieni proti ¢inské oceli“. Pokud
by v dusledku obchodnich opatieni klesly ¢inské exporty o 40 az 60 miliont tun, mohla by se situace na globalnich
trzich ponékud uvolnit a v dasledku toho by se mohly lehce zotavit i ceny. Analytici UBS pogitaji pro rok 2016 se
vzestupem svétové vyroby oceli vrozsahu 2,1 %. Viditelnd spotieba by se méla vyvijet v podobném sméru.
Vytizeni vyrobnich kapacit ale zastane i nadéle nizké a bude se pohybovat kolem 70 %.

Zelezna ruda vystoupila na nejvyssi Groveti za posledni vice nez mésic

Stahl Aktuell 07.01.2016

i M r

Nejnovéjsi zotaveni ¢inskych cen stavebni oceli vedlo k tomu, Ze cena Zelezné rudy dosahla nejvyssi Grovné za vice
nez jeden mésic. Spotova cena stoupla na zagatku tydne na 43,10 USD za tunu, Cinské zéasoby stavebni oceli klesly
podle Gdaja Sanghajského poradenského podniku Steel Home na 3,6 milionu tun, pfi¢emz v bieznu 2015 leZely jesté
na urovni kolem 8 miliont tun. Ve stejném ¢asovém obdobi stouply ceny futures stavebni oceli, které plati jako
méfitko pro ocel, stojici pod prisnym dohledem, o zhruba 10 %.
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